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1020020084703 #§J 2003/5/1 

^r*j GaN ^-^-cfol o.cofl ^ojtq-. 

m *fll GaN SeflE-f^, #7l afll 

GaN #Efl^.# ^€ $M3M-, ^ofl ^12 JE*1^ 

GaN = #7] *fl2 GaN l-5fl = #^l ^€ ^^^h #7l 

^^5]^, A2 fd^°] ^MS-i: ^ H*Md 71^-g- S^fe GaN 

^1, -^71 GaN si H o^l^- <r *>*M<H 7l^ 

£ GaN ^^61,2.= ofl ttJ-H.^, <i^#jL2)-fif 31^5= £X7> ^vs]j7 q 

^14. ^1, ^41*1 *fl«?>€ ^V^-°l 7l^r g-Bl^^r GaN ^1^- 

£ 2 
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1020020084703 %^ 2003/5/1 

^rf-i^ 0 ^^ 0 !-^ ^ ^ ^1 S « 0 V^ {VERTICAL GaN LIGHT 

EMITTING DIODE AND METHOD OF PRODUCING THE SAME} 

£3a-3e^ ^ 14^ GaN ##4°l-2-^ *HS^^g- ^*}7] 3]^ A 

J£4a^ -g-^ 3H*1 yj ^«(| *Ht-§-^o] t^Kr a>4 0 H 71^-4 GaN # 

H4bfe -f-^-^ *>*M°1 ^-e|4>g6fl 4«fl GaN tf^f^ 

£5a-5e^ ^<fl 4^- »>#*l$ GaN ^tH-SLE-Sl ^lS^'tHH ^I-g-Sl^r 

<H^SI ^LJf-^-ofl cfl^V ^^^> 

21: 7|4 22: «V^># 

24: 25a: GaN #2fl = f- 
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25b: 25c: n«g GaN #2fl = # 

25: GaN 27,29: ^ 



<i 2 > £ GaN k}o)sl^. ^ zl ^ls^ 0 !! ^ ^-^1 ^ 

<13> ^ti>^ ^ cfo] o_c (light emission diode: LED)^ ^7><4 Xfl^tM 

a>-§-s)zl $X^. A oM s}-^-§- # GaNfe *#tM.SL:=;fc.*Hi ^^#^L^ z| 
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1020020084703 #^ H*}: 2003/5/1 

\ 

<is> ofl^. #o] > eflol^ofl A>-g-s)^. AlGaInP#^, 7M ^^«-(ot 

600-700nmH Sfl^W. ^^l , ^ ^^M: 

7] flSIHfe- 3. wfl^ 7^^- aV^afl ^B}€- ^>w>ol^.(SiC)^ 

^3-§-7ll #51*11, ^1 M-^lS5l-o]jE.(GaN)7> #3)-^ LED^r ^HlS, 

^-7)^-^1 (optical storage)^ *i^2-8r ^7>*1^ ^ ^t}^ #%(*m%<% «1 «B 
4«fl #7>7>^)# 5>JZ 



<16> olsf ^ fl^ s}-^# aVE*ll # GaNxr ^ 

GaN^S] 71 4f5ltl GaN^-i- ^tb ^#7l# 

o.^ A >s|-olol > a ^a>o]c (Al2 o 3 ) 7l ^. 0 } ttt^Hcf. 

<17> SH^, ^^H^^g- *l<3^ 7l#-i- a>-§-^- , GaNTfl ^ rq-ol^.^o^ ^ 

<H1 €■ afl^-fc £H ^2J)3 GaNTll ^ cfojo.^^ ^fl 



<is> ^efl^l GaN t^cfol o_t=o^ ^c+^colcf . GaN cf^iLS.(10)fe- ^>4°1 

<H 7l^r(ll)4 n. a>sM°1 71^(11) #°fl GaN ^^2:#(15)-g- i^-t-Vcf. 

<19> <#7] GaN 15) Sr ^7) *>sM<H 7}% -SMI (11) ^x>^o.S. 

GaN #efl£L#(15a)4- ^^^(Multi-Quantum Wei 1)^2:^ #^^(15b)3f p ^ GaN 



31-6 



1020020084703 2003/5/1 

#sfl^(15c)S ^€4. #7] ^^-§-(15)^: MOCVD ^ °l-g-«H 

5d4. °1 «fl , GaN €-2fl^-#(15a)^r ##* r 7l *H Ar^H^m)-^ 37>^ 
IM^M $1*11, AlN/GaNJlS. ^ 3^(nl5.Al ^51 5a4. 

<20> p£<£, cgo^ *fl^-*>^ p ^ GaN #Hfl:= #(15c)4 *^^(15b)l: 3*W3)*r 

^ GaN €-efl = #(15a) ll-f ^#^71 JL, zl GaN #5fl^#(15a) 

#^4 #2fl^^d5c) -^-^^i ^ ^4 ^7^1-71 n ^ ^U9)4 p 

^ fi^(17)# *§^^. ^aV^ O.S. ^^H^ 1 ^^ ^7}-Al 71^51 flSL^l 
^4 ^71 n ^ #£j]£L#(13) #^l^r p^ ^^(17)-!: <8#* r 7] *H 

(transparent electrode: 16)-8: tH 

<2i> ojsq- ^oj, ^gflo] GaN M^c}.ol_2.t=(io)^ ^£1-^*1 7l^-(ll)# ^}-g- 

nfl-g-°ll, ^ ^(17, 19) ol 71^ =^gtr #^3. ^= *?H £4. 44*1, # 

tf^r^H n ^ ^^(19)^-5.^ %^(15b)» -g-sfl p ^ %.mi7)°_£. ^=*Rr 

^^-fr 44 ^4i*>7fl ^€ <r &4. °14tr 

Sl*D, #71 ^ 4^-2-^(10)^ ^°J-(V f H #7>*H ^frS-^l *m44, ^ 

^^(electrostatic discharge) SL^-7> 4)4*r4^ £-*fl7> 1H8€4. 
<22> SEtr, ^eflo) GaN ^tH-fi-S-UOH*^, ^l-MH^ f7}i <q*fl ^^H8lM 3. 

37, #13 ofl W°l 4^(11)4 ^ «i^H#^ 4*fl ^##4 €«*r*l **rH.3. f 1 
f7H 44 44444^(11)4 GaN #^S#(15) ?H 431*1 -g-?H ^4^- ^4 
7> l-^«fl^ ^ $14. 
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^ Q*}: 2003/5/1 



<23> H-o> 7 >, ^HflS] GaN -2.= (10)4Hfe, ?i^(19)-g- ^t}7] fl*fl>H, 3 

^£ ^(19)^ S7|| %-^#(15b)^ ^-^^ *fl7l3M 0 > ^HS, 

ig-^-ig^o] #^£|o] ±.7} 3.7] cfl fl£ofl 4^ ^^-5.^0] 7] S^tf^ S-^13E $14. 

<24> o]9\. Qo) t r% 7]^o\6\]A^ t GaN M^^^Hl ^.M* ^V4°H 7l^o.S 4* 

GaN ^ ^ n ^S y 0 v ^°fl -2-^5H 

[^ol ol=JL4 ^ 7l#^ 3ZMU 

tflW^ ^7>4 o^ofl ^Eflo] ^^5]^ g±r GaN ^ 

<26> -& 4€r ^£r, #7l ^2 GaN 4°l^-=# *fl2:*Hr ^ 

£ afl^a-Rr 3M4. £ 4^ GaN ^ 4°1^4 ^SIHHH^, A >4°l c H7l 

^4 GaN^^^<?l ^^^2#^r ^^^.S. ^ ^ b}^^ ^7>^ ±£. 
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<27> ^7) 7l#^ 4^1* ^*>7l 3*fl>H, ^^r, 

<28> ^fli ^HMol t§A£Q #*3-§- 5^ *lll GaN #5flS.^4, ^-7] ^11 GaN 

€2fl = # sr} 1 ^ *§^sl #71 *>^°fl ^12 5L*m GaN #2fl = ^ 

4, A]2 GaN #efl^#^l ^^Hf^, #7l ^ 

^^M, »12 ^°1 <5r}^ £fe 5Lf-<5Rr GaN 



<29> W>#^^ ^Al^EfloflA^, %^Rr ^ ?1 

71 ^«fl, #71 *fl2 _£*l*g GaN #Efl^#4 *>°H 

°1 *l 1^>*# c] 51^-. °l^t!: »MWSLS.±±, Au, Ni , Ag, Al ^ ZL ^> 

^SLS. ZL#A5L^-Ei ^>-§-^ *r 5^. 



<30> 5£*V, #7l 71^-6.5.^, 711 = p>^-, ^ GaAs-i- Sf^Kr =L^°.^ 

B\ A>-g-^ %o] Hl-^-^sH, a o > 7 ] ^3]-^o. sfe Au _ Sn; Sn, In, 

Au-Ag ^ Pb-Snl- if-s}-^ ZLf-o.^^E^ ^-g-*V^ 3!°1 w>^-^ -g>r^ . 

<31> ^ ^£>] ^ ^ GaN ^tH-S-^H, j£cf ^^E-g-i^- 7fl^*>7l 

^SJM, #71 afli 5L*I^ GaN #efl = ^« Ir^l^l GaN ^^«>JL 

, #7l A}2 £*I*§ #eflJ=## p t§ Ir^l-ol £ ^§€ GaN ^#iUsL ^ ^ ?H 
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<32> M. t£t$ o. ^31^2: GaN *fl2^# *fl^4. v ^^r, 

a>ji|-o1<>|71^- #6fl, afli GaN l-2fl = ^, ^ ^12 GaN M^o] ^ 

*f^r ^TflSf, #7l ^HH^l^ *I*H ^^Hf* °l-g-*>^ 

7l#* ^*Rr ^^1^, t^^tS^Hl ^71 A>s}-olol7l^ ^fl7l^ ^TjlS}, 

<#7] m #Hfl = §^ ^ ^ ^- 7 ] A^o]^ 71^0] ^7^ ^ ^-7} SL^ 7l 

^1 *U ^ *fl2 ^ ^^Hfr #31^,' #7l afll ^ ^12 ^ 

<33> ^-71 A>2l.olc>|7l^ ^T^}^ #31^ A}^! <^ 7 1 # ^-oll efl ol ^ ^- ^A} 

«H ^"71 ^T^2:#^E-1 AV^ol^^^ £-B^Hr &7\]<Q 9X^ . ^7^ ^ 

^ t^2t<^l 371^ ^71 efl Ol 7.-1 «J ofl ^}^^- 7^ ^°J*>7lM- ^ ^ 

$a^.H, z}z}- 711^ wv^-cfol^coH oj^- £i7l^ 5Jcf. 

<34> ^71 ^*H§^§- °l-g-*H 71^ ^SHr £31^-, JE*!^ 

71^5] Sr}^ z§^-8}a] o.o.^ ) Aj-7] ^ofl ^ 
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£2^ h>^^*1- ^Al^Eflo]] oj-s. GaN ^ v].o}^EL(40)3] 

^-71 GaN cfol^.c (20 )^ p ^ GaN #efl-E.#(25a) , %^^(25b) ^ GaN # 
Efl^.#(25c)* S^-*f ^HH^l-C 25)* , ^e^o.^. ^7) GaN 

■#Hfl = ^(25a)^^l ^W(22)^ ^ $1^. ^7} *U}^( 2 2)£: S.&<% 

^^#(24)^: ol-g-^c^ 71^(21)3]- ^a^tf. #7l *}-A}-^(22)£: i*} -tf^G-S. 

Cf. y>a-3l*>7fl^ ( ^7) y>^(22)^r Au, Ni , Ag, Al ^ nf 0£ 

^ Ajflj^ ^Jg. OlH| - Ol Cf. 

GaN ^r^- ^oi^.c( 20 )s>f ^o] ^^x}. 



oil- =?f&f>}7} Sg^^r 71^(21)* ^H5}7l $\n S.£<% %^%-(24)o) A> 

-§-£4. A>-g-5]^ S.^^ ^^(24)£r 3*Md-S- 3Hr t^H^ 

tVcf. ole^ 7fl^ Au-Sn, Sn, In, Au-Ag ^ Pb-Sn* i^Hr 

^ ^ t^^S o^^^lHi, «lil^ ^ *}-A>5il- 5Hr4. «V 
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A>^(22)o] Ajs^l-c^JE, ^^^^^ ^#(24)^ ^*fl 5)5L% # 



<40> ^Al^Eflfif ^o], £^71^3. ^^1^ 7l^(41)# A>-g-^ ^ olr^-. S>^^r, 

oflAi A}-§-^ ^ oi^r 5L*1^ ^s]^, 711 hp>^- ^ GaAs ^ SU^h 

<41> O]^)- ^-ol ; ^ ^Aj^Eflofl C}ol O.£l(20)^r #*Hf7> ^7l^O.S £^ 

*r 51^ SHr*}. *}-eM, Aj-7] aj^s 7j#(21)^ ^>^4 GaN #^ = #(25c) 

^ ^ "y^Mfe ^ ^^(27)4 ^(29)* ^^^^.^ SL29\ ^ 
■^S GaN ^ol^.c.71- ^€4. 

<42> M. ^Al^EflcHl rc)-& GaN t# 4°l^-^(20)^ ^Efl^ ^^14 <^7}-*l oi^ 

# afl-^Sh*. -f >{d, A>Tr).oi<>|7i^. c^a]^ Aje^ 7l^-(21)* A]~g-f- o.s*l 

Aj^°l A>5|-ol c^7l^-ol z\)7]S]n.£., 7^ ^ 
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< 44 > £2 ofl GaN^ -2.^(20)011 Ai, ^ ^S#(25)£r #^#(25b)* 7l§ 

^.JjLofl n ^ GaN €2fl = #(25c)4 *>-M p ^ GaN #efl^(25a)°l *8^€ 
°MS]<H 5a 6.4, ^£ °H #33*1 8\e.^ f ^^HTfl #7] 
#Efl^#^ ^3. «VtflOj ^ ol^ t\vY t £ ^Al^EflSf ^oj, #3^(25)3 ^> 

-*f°fl n ^ GaN #Hfl-E.^(25c)-°r $3*MS, IS ^3# 0 1 ^-4 

<45> g^, £ *gr$g. ^3 GaN 4°l£-^ ^1 ^S^^ *11^ x 5U4. 

<46> £3a 41*1 3e^ ^<*fl ^ GaN ^ 4°1^-^-^ ^lS^^r €^^>7l ^ 

^ ^ ^^l^-. GaN 4°l-°-^ ^lS^-^^r ^3^1 SH^* o|-g:£|-<*| 

4^7flS ^S^i-f, £3a-3e<>lH^ ^3 #2)9 31*11, *>4°^ GaN *fl 

<47> £3a°+ £*1, t^l GaN IHh^M. 0 -^ *fl3t¥3£ °i A ^(31) 

ofl GaN ^^t^°J iH^2:#(35)# ^*Rr #313. . ^o] t 

GaN ^^#(35)^ ^>2l-oH7l^:(31)^r ^#7l#_9_S °\^\°\ ^ °J14. 

^•^S#(35)^r ^.4 a£^a)7) 7 ] o^fl, A>jil-ol<>|7l^-(31) ^oHl 

GaN/AlN^*^ ^3£]^(nl ^^j. ^ ^^-aI^ tS- °i4. 
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<48> S&tb, LED^I ^ofl GaN #Hfl^.*(35a)* A) Al ?1 ji^j. ^ nfloflfe-, 

^#3^ W^lr ^>^^17> ^sq^S, £3a^ GaN #efl = # 

(35a), #^fK35b) ^ GaN ^2fl^^(35c)^r £*>3 ^tb^. 

<49> o)o] t £3b ^ ^o], ^ cfol^co^ ^.j^^s. ^a}9]7] GaN #Efl 

^(35c) 4H1 «1A>^(32)^- ^ 91^-. ^7] »V*W(32)-& Au, Ni , Ag, Al ^ ^ 

^°-SL HW^S.^] ^€ ^ =4?-& Oj-g-ig- - clef. ^-71 til 

^(32)-& 4€- -SL^^ ^*}^ ^^^S #^-» €^:*>7fl 



^ 7l^-(41)# ^^-Aj^lrf. tiVA]-^(32) ^Hl 3^(34)-g; u)£\ ^ 

% ^Ml 7>*(41)-& 3^1?lSr ^o_3. £A|sH 9X°-^, ^a), 

^#(34)# 7] #(41)3 *>^^1 n ig^- ti]-A>^(32)oll ^^-*>^ wj- 

^€ ^"71 ^^(34)^- ^*Hr €^ ^*fl °1 

=r ^"S-IJ *r fl^, ^ 200~300°C^ -fr^-fr o}^ a^©!)^ %zjr 

o] 7}^*V A]-g-^ ^o] w}^*l*>tf. oj^ nK^Rr 3^(34)2] 

S^, Au-Sn, Sn, In, Au-Ag Pb-Sn^ 5Lf-^Rr ZLf-^-S^-Bl ^ems] A>-g-^ 
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<51> HLfV, aV 7 ] £ ^ 7l#(41)£r l-^^-o] JE^^M H^-g: 7>3J ^ 5^ 

7flsp>^- GaAs-i: 3L^rxr 7]^ A}-g-^ ^o] y^^t}-. ^ , £3b<Hl 

«VA>^(32)^^^^1- ^-fofl -*7l 51*1^ ^^(34)^r p^g GaN #sfl = #(35c) 

33 ^€ ^51 #4. 



<52> H3d^- ^-^1, S.^^ 71^(41)^ ^^^M ^SSl^, ^>54<>H 7l^(£3c^ 31) 

£ *fl7RV£K A>SM°1 eflol^ -g-g-, ^P>, ^Iz^ ^ ^ 7} 

^-A>olH.(Al 2 0 3 )^ ^"'S^^^f^ Dfl-f ^JL^JE-S., 71313 <*K\+ <MM 

o](^7l^-2l- GaN ^■%t z -S#^ <g *g %7f\^( thermal coefficient of expansion; TCE)^ 
<53> ZL&IM-, eflol^ 7^-0] <g-g- oj-g-^V « 0 >«^ 3 7>Jf^ ^ <t^%V^^^ ^}ol S 



3^30.3., H3e2f 71^(41)4 n*§ GaN #sfl£L#(35a)^ ii-f^l p 

^ ^ n^ ^(47,49)-8: l^fAS^ SI GaN 1^ tM.2.E.7> 
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s\o] > Ais]^ ^ ^7l^o.S $=-iM^ ^ ^14. 



<56> -g. i^oH 4^- ^3^2: GaN ^^-cfo] ^12:^^^ GaN 1>^2.#-§- 

^ 7l^r# ^ °l-g-*H 7l &-ir *\}7]&°- 

<57> <^7H, -M. ig}-^*- ^-7] GaN iH^l-^ ^^-tij-^^. ^ -g-oj^Tll ~P" 

<58> ^ GaN tH^l-SLH. ^^^^ ^ 7l^# ^M*Hr ^ 

7} «V^-^^3r ^ Bflol^ ago. ^^7l#£ ^ 

^ o.S A>sl-ol^7]^-2}- GaN ttf^t^] I^Tll^ ^ °m 31 
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£4al- %^*>^, A>s|.ol^ 71^(111) tfafl, ^ ^*Rr GaN 

#^#(125)71- ^^^Jl, ZL $H 5L*I^ ^3T-^( 124 )^- ol^>^ 71^4 ^-o. 

HsHa 7}^(121)ol 5>J4. <*j 7 H £a]^ £3a-3e^ iHq , a>sJ-o]c>i 

71^(111) ^Hl GaN ^^1.0 j= 7 |. 4^ 7 fl5. ^Bfl°14. 

44°H 71^(111)* ^-el^7l A>^o]c>| 71^(111)^ *Pf<>lH 

24t nfl^l, 7l^-(lll)32l- GaN ^^^#(125)^1 %>7ll^£l- ^7>-^-^^-o.S. 

^Sfl -§-§M ^W=K A^olol^ ^^fTll^ ^ 7.5 >10-6/K °}o11 tiVSH, 

GaN ^5.9 >40- 6 /KoH, 16%^ ^Vf^thi: 7>*H , GaN/AlN^^^^^^ 

oil, Af^cl^l^ (111)2)- GaN ^^^#(125)^1 ^ofl^ yj-yj 3. ov^^^. o]^-§-^ 
°1 ^£4. 

s.^1, ell °] 7i ^ s^aH ig^H(2ltll lOmm^Omm), 71^ -^-Jf^ 

sls. SA>si^^ ^si y>^Rr ^jis ^sins, -g.^^-.^]^ ^ 

GaN #^#(125)21 g.x&-£ 3.7)1 ^^2] ^ ojcf. 
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GaN #1^(125)^ S^^: M-E^tf. _£4b-g- , <i^%7fl 

^(TCE)^l elM^-i- °l-g-*H -g-el*Kr ^cHH , GaN ^^l^l 

o] Jf^ojiL Jf^ol t^^Hr 3# <& ^ 544. 

<64> ^ f ol&|*v ^v<g 2|#3<y GaN *Qr% 4°1 -2-^ ^7l*j a. 

<65> ol<q. ^ €-*fl# afl^a^l ifl^H, ^^0)1 rtf^. GaN ^t^-o^c ^s^^l 

^ ^flS^ A^ol^l^ ^tH}. wV^tb ^BfloflAi ^l^VSl^ 

A}sM<H7l# ^E^^ *g^*Hr GaN X^l *l*m -g-^-i- 

2li5l-*l-7l ^*1H A>s)-oloi 7l^ ^<H1 GaN M^-g- *1 ^ 7fl t d^V^S. ^#<5Kr 

<66> 5L5a Ml*l £5f^ ^a^eIHH A>^-sl^ a}*M<H 7 1 # 

<6?> £5a# fe*}^ , *}sM<H 71^(131) #<*f) GaN ^^^.S. 0 1^-^^1 ^ ^ 

#(135)ol £>4. ^-71 <£^S#(135)^§- ^*Rr GaN ^^#^r GaN # 

HflS.^(135a), ^^(135b) ^ GaN #2fl^(135c)*- S^-*!:^. 
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<68> o)o] ! j£5b<4 ^ol, GaN ^#(135)^- £L7] ( SI )t- ^ 

7>^?1 ^ .£L7l(S)« *H Sflol^al S AH1 2) -§-^^-i" ^i^} 

7]s] ^^M- niLc} S 7lS ^c+*>^ ^^Mli, GaN M^^l -g-^ 

<69> JE5c^ c^Aj ^2V^( 134 )^ r ol-g-^H 71^(141)^" 

£ ^^S«-(135) ^°\) ^^1^1^. 5L3cHH .E^ 

^ ^^(134)* 71^(141)^ ^} =L ^-g- ^^#(135: ^ 

GaN #Efl = #(135c))^ 0 Hl ^*Rr « 0 >^ o_3_ 

1 g-^-z f L 2:1 .( 1 3 5 ) ^ofl 7l#(141)-g- 
o]^ a>3|-o1^ 7l^(l31)o] w^i^si, z}- ^-%^2:#(135)^ <L>^^^-S ^ 

M ^ Ai^-H, ^&M, ^ ^j^HHH ^"BflS. ^-fc 
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<70> o^, ^ 5d s\. Qo] t /.}s%o]o] 71^(131)^ SHLofl eflo]^ aj^- 2Af5l-^ o] 

-S-^^S# °1^H zj- ^#^#(135)^^ Aj- 7l a}^^ ^ 

^1?14. °1 "JHl, ^^Sl-(135)^ Tfl^H ^^Sj^r -g-^^r ZL 

^O-E-S., aV^Kr y o V -^^-S. ^^i, 151 2*M*1 i 

^ 3.7} ±r SA>Tgal t}^ 7,i°} «>^-^§>cf . 

<72> cf^-o.^., JE5e£f ^1, ^-71 ^-i-^ o^ofl ^i^^^^o. 5L5e^r 

H5d^ #*>7> A o V ^S £A]tb W<\ 7111 ^ 

^Sl-ClSS)^ GaN # Hfl^L#(135a)^ ^4 7] #(141)2} ^-^l tflsfl ^ 

^1^4. 4^, GaN #2fl^^(135a)^ ?i^(149)^r 4^31 o] 

-g-^o^ «^«-^^(^«V^ C.S ^<#H1^ ^d^^^.S *§>$£M, ^(147)£r 

wU^^LS^ 71^(141) <5}^<H1 tflsfl ^€ sa^. 

<73> 2^^0.3., £5f^- ^r°\, i£5e ^2f#^ cfo]^.^s] ^7lS ^ 

2)^^91 ^^3i GaN ^ ^ol^c (140)1 . <g±. + o^._ ^3 o_ s 



31-20 



1020020084703 #^ ^7}: 2003/5/1 

7lS ^51 ^^5]^ £ 5=£-$ 71^(141)^ ^X|£)4, 

^ ^A}^^ 3.7)3. ^^#(135H ^ 

^^1^- 91^. 



^ ^ «3<fl tflbfl^ ^Hflo^ ^ *^ ^ ^^O] 7^§>Cf^ ^ 

<76> Wf^- ^o], .g^oj GaN ^ tq-ol^^oll crfs.^, A]-jx|-o|<^7l^-# ^171*]- 

^Bl^ AV-g-^S-S., 1«J-#jM-7> ^S^U, 

^*<H €JSL^1 QSL^, TAJL^V A>2}-ol ^71^-0] ^\7\5\B.3, 7fl^ ^7> 
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1] 

£«M tf^-i- £±± afli GaN #efl^-#; 

#7] *fll 5L#*§ GaN #eflJE# *M£6fl 
A oM i^ofl tg^jg GaN #2flJE.#; 

^■71 ^12 51^ GaN #Efl-EL#°fl *8>S* ^^v#; ^ 

#7l *>^^1 ^SM, ^12 ^ 71* 

# S^Rr GaN t# 
2] 

^-71 X)2 GaN M^-a}- #7l AWcfl 

I^t 1 * 3] 

^71 

Au, Ni, Ag, Al ^ ZL ^°.5L Zf o.S^El #*J3. 01=^^1 ^ 

f^o^ *f^r GaN tMiH. . 

[^t 1 * 4] 

^•71 £^ 7l*^, 
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-gsm, ^nft, ^ GaAs» 3E.#*Kr nf-A^^-Ei ^bh^ ^ 
-If-^ GaN cfo] . 

5] 



Au-Sn, Sn, In, Au-Ag ^ Pb-Sn* Hf-^-S-^El Mr^S. 0)^,0]^ 

?A^r ^^G-S. <?Rr GaN ^% cfo] 
6] 

#7l afll E*I^ GaN #HflS.^-g- GaN ^^0], 



tt GaN 



7] 



aM°}°]7}& 41 £.Sl*8 GaN #2fl^#, ^ ^2 GaN #sfl = # 

3 °l-8-*H A oM tf^^t^ 7l^# ^^-*> 

^ #31 ; 
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^ ^of| *fli ^ ^2 AA ^*Rr #31; ^, • 

^-7} ^ ^12 ^°1 7111 ^-^-Cfol^c^. ^^>^ i^Tlll- S. 

it*}^ GaN ^ t^oI^je. . 
8] 

^17%H1 5^1, 

-#7l *fl2 GaN #2fl^^ #°fl #*}f^ # 

31* Cl i^-Sl-^ <5>^ GaN ^ol^-H. ^l^aj-^. 

9] 

^18%H1 $X°]^, 
^7} 

Au, Ni, Ag, Al ^ °1^<>1^ ^J^- 

^-^^.S GaN ^ ^ol^.c ^^.wj-^, 

[^t 1 * 10] 

A oM tffStSl ^Ofl 7 |^.o. ^ t} ^ ^n^, 

^7} H^ofl ^"71 ^*Rr #31^, 

^7} 7]&4\ s&7] ^7l tf^-g; ^Aj^i- # 
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11] 

^7} ^%^2l%2) ^ofl £ ^ ^f"^ ^ItT, 

^•71 W2fS] ^7) ^*Hr ^l^, 

GaN ^ ^2«o^ . 

12] 

0 H7l^* ^e^Hr ^7^1 <y ^ ^r^SLg *}*= GaN cfo] 
13] 

9] -S-^*>7li4 ^ <5Rr GaN ^l^^ . 

14] 
^112%H1 
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3.71S. ^*Kr ^ ^£-3. GaN ^ tH_£j= ^wj-^ . 

15] 

*fl7*cHl oio^, 

^el^, 7llsu>^- ^ GaAs# i^*>^ ^fAi^E] ^zj^L ^-o^ ^ 

m^SLS. f>\±r GaN ^ ^l^ y o V ^ .. 

16] 

Au-Sn, Sn, In, Au-Ag ^ Pb-Sn^- i^^b ^f-AS^f&l ^l^-^^l 

17] 

^17%H1 

^7} JE*1^ GaN -Mllf^ ^#0] £^ ^ GaN ^*°H , 

^71 ^12 JE*I^ #2fl^-#^r lr^#o] £^ ^ . GaN ^ ^$<LS- 

GaN ^ cH.o;eL . 
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